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T r t r 7 : . . - + . n -  
L L ' L  i \ LUL c -v i ,  

The purpose' or  t h i s  grojrarn i a s  t o  s t u d y  t h c  f e a s i b i l i t y  and d s v e l o p  a 

t c i h i q u t .  f o r  u s i n g  s e v e r a l  modcs i n  r t c t a n g u l a r  horn t o  accompl ish  pr imary 

- 2 t t c i - n  shapin;; ar,d xonopu?se cj?abi!it:: f ~ r  U S E  a s  a h i g h  Ferfomartci? Casse- 

*,rai:; i ? z r l .  S u c h  a tcc 'nnique *',is f c n w l a t e d ,  a d e s i g n  procedure  e s t a b l i s h e d ,  
2 -  <. ~ n L t  a s  i a s r i c a t - d  2 n d  t c s t i i a .  ?his -2e.l r m i d e s  T n n o p u l ~ C  t r a c k i n g  

e 
1 i - i  t o oIic:-ie~, L J a l  c i r ~ , i l a r  , ~ c i a r i - a t i o n  c a p b i l I t * j ,  and iess  than  1 ! k i v i n  

n o i s .  c s n t r r b u t i o c  f r o r  i r l tcrchaqnel  counl rng  i n  the nonopulse b r i d g e .  A d l s -  

cussior .  o f  t k e  t h d o r y ,  d e s i ~ n ,  and e : :p?r i ien ta l  r t s u l t s  of t h i s  u n i t  f o l l o ; ~ .  

l ! i i . o : ~ -  Op,crrt lnn 

T!? nultinoac: riionopulse horn u t i l i x e s  t h e  b a s l c  TE mode t o  pro-iidc a 10 
rc iz renc :  c j a n n e l  r a d i a t i o n  pa t t e r r . .  

a r c  u s e d  t o  obtain s i d e l o b e  suppress ion .  Thz i i c l d  c o n f i g u r a t i o n s  of t h e s e  

-oL-.s arc' sho1-n in F i g u r e  k. The r d d i a t i o n  p a t t e r n s  oi these modes i n  t h e  E 

a n d  !i-,-1anzs <ire' shmm ip F i 5 a r e  2 .  Ihc ; ~ s u ? t d i \ t  r a d i a t i o n  Y a t t 2 r n s  in t h c  

::'o ;>lane', ir,d;ccitin; sic;clcbe supyrz:-sion a r c  a l s c  shown. 

I n  a d d i t i o n ,  t h e  TE12, TX12 and modss 

L l . .  ,,L.,- c~;Jab:!ity is achit.-;c.d i n  t h  s i n ?  horn by using t h e  TE and *ff i""yr, '  - 
11 

-, 1 ~ 4  , -wdL-s  t~ f o m  t k  E-pl<inc: d i f ;cr- ,nce p i t t e r n  and t h e  E node f o r  t h e  

H-pL:n.> diff?r-cncL= ~ a t t ' r n .  F i e l d  c o n f i g u r a t i o n s  of the d l f i e r e n c e  nodes a r e  

sho. i? i n  F i g i r ?  15. A l s o ,  rhe :hecrer iLal  r a d i a t i o n  p a t t 2 r n s  a r e  shm:n i n  

F i g c : ?  3 .  

11 20 
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10 30 TT, 

(2) S u n  P a t t e r n  Nodes 

20 FZ 

~:-Tlzac D i f f e r e n c e  

j I 
I 
t 

T 1 a 
TE 11 

R e  su 1 t a n t  

n12 + m12 

Kesul t a n t  

Tzll + TMll 

E-Plane Difference  

('u) D i f f e r e n c e  P a t t e r n  >:odes 

Figure 1 ::ultinode Hcrn T i c l d  C o n f i g u r a t i o n s  
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E-Plane Sum Patterns H-Plane Sum Patterns 

F i g u r e  2 Sum Radiation Patterns - Theoretical 

E-Plane Difference Pattern H-Plane Difference Pattern 

Figure 3 Difference Radiation h i t e r n s  - Theoretical 
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SUm H-Plane Difference 

(a) Excitation Field in Four Guide Section 

TE 10 

SUm H-Plane 
Difference 

E-Plane Difference 

? l + T P 4 1  
Re 8u 1 tan t 

E-Plana Difference 

(b) Propagating Modes Excited in Multimode Matching Section 

Figure 6 Mode Excitation of ntltimode Feed by Monoprlra Brldge 
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T1113 r,li73<3 ~ , h i i i i   re - - . , c - ~ t ~ . t  3, t h e  i . i L A * d L , i > t  'i? ~ n c i  TPt i n  nodes. Hwdever, 

the "E,, and TFl 

lower cutoff f rcq t jenc ies  t lua t h e  TE moc:ti ciild m u s t  be a l icwed t o  propagate .  The 

e f f e c t  of  t h i s  mcd;. co!:~Si,idrion i s  to hffezt t h ,  iddiation p a t t e r n  m g n i t u d e  of 

the 'Ezo mode which i n  turn a f r e c t s  t h z  diifer,nce p a t t e r n  a x i a l  ratio. 

when p'hasing t h e  d i f f e r e n c e  modes, Lhe a r ' t e c t  of t h e  ?E 

z c c ~ i : n t . ~ . $  f n r  w h i r h  mist h e  der?.@ e x p e r i m s n t ~ l l y  zt chp present tFqe, 

11 i l  
nodes e x c i t e d  by t h e  i f l c i d r i a t  TE mode c r o s s i n g  t h e  s t e p  have 

- L  2 2  20 

30 

T h e r e f o r e ,  

and T2 modes must  be 22 

The l e n g t h  of t h e  sun mode c o n t r o l  s e c t i o n  must be chosen t o  p rov ide  t h e  

c o r r e c t  phas ing  of t h e  "E As t h r e e  

s e p a r a t e  p r o p a p t i o n  v e l o c i t i e s  a r e  invo lved ,  t h e r e  i s  a unique  l e n g t h  which must 

be dctermined f o r  a g iven  "a" dimension of t h e  c o n t r o l  s e c t i o n .  This l e n g t h  is 

a l s o  a funct icm of  t h e  a p e r t u r e  size "A" a n d  t h e  horn f l a r e  ang le .  

TE3G, 'El2 arid TM12 modes a t  t h e  a p e r t u r e .  

I7k.z des ign  ~f the  ham. s e c t i o n  r e q u i r e s  c o n s i d e r a t i o n  of bo th  t h e  a p e r t u r e  

p l ~ s e  e r r o r  and  p t l a s i n g  between t h e  sum pat . tern :nodes. The f l a r e  a n g l e  should  be  

s u c h  t h a t  t h e  phsse  e r r o r  a c r o s s  the  a p e r t u r z  i s  not  excess ive .  However, t h e  

c h o i c e  of t h e  f l a r e  a n g l e  determines t h e  r e q u i r e d  horn l m g t h  ior a g iven  a p e r t u r e  

a n d  g iven  ''a" d inens ion  of c o n t r o i  srfction. Since t h e  phas ing  between the  rnodes 

i s  f u n c t i o n  0;  l e n g t h ,  i . e . ,  

= 1 c n g r h  aioiig h ~ i - 1 1  

t h s  il;:.t? a11g:c i.;ust b~ t:hose!l <:a , i l i y  L,: C.?YUI-L t h e  : ' ~ r r e c t  p h a s i n g  of a l l  t h e  

1 i i 0 . 1 2 ~  a t  t h e  ap:;rture.  

Dill-ing tlic s t u d y  son.? i i i ; - r e s t ip i io . !  ::AS :MCC ~t tile e x c i t a t i o n  c o e f i l c i e n t s  

a t  t h e  s t z p s ,  and p r e d i c t i o n  of t h e  r e ~ ~ l t i n g  pet t i r ; i s  froin t h e s e  c o e f f i c i e n t s .  

K e s u l t ; s  of t h i s  {Tork has apiiitared i r i  the  monthly repor t s .  However, i t  was not 

p o s s i b l e  t o  o b t a i n  s a t i s f a c t o r y  c o r r e l a t i o n  of expe r imen ta l  and t h e o r e t i c a l  r e s u l t s .  

T h i s  nay be due t a  s e v e r a l  f ac to r s ;  howevsr, one  l a r g e  f a c t o r  a p p e a r s  t o  be  the 

i n a b i l i t y  t o  a c c u r a t e l y  p r z d i c t  chi. mode phas ing .  Although a r e l a t i v e l y  small 



- 10 - 
0 (12ss t l la l l  113 e J h a s r  i i r c r  oiJt::-l?n ~ h -  -iodes :xi>: n o t  a p p r e c i a b l y  a f f e c t  t h e  

sidelctc-? cancellation, it  does a f f e c t  t h 2  r e q u i r e d  a-.?litude of t h e  v a r i o u s  

m - l e s ,  T h i s  .vas f e m d  t o  be  th;. cis? ir? s m e  sFm?le ex?erin?ents rtln a t  t h z  end 

of t h e  procram. S u f f i c i e n t  resulLs a r e  n o t  d v a i l a b l e  t o  nore s p e c i f i c a l l y  

d e t e r m i n e  the  d e s i g n  ; i roczdur? a t  t h i h  t i : w ,  t h u s  d pc7rtion of the design remains 

exper imenta l  as t ias  rnenlioried previous ly .  I t  appears that carefully c o n t r o l l e d  

e x p e r i n e n t s  must be pe r fo rxed  t o  a c c u r a t e l y  determine t h e  e f f e c t  of s t e p s  on mode 

p ha s rng  . 



Multimode HC;.LI D e S l K i l  Procedure 

The bas ic  multimode geometry is shown i n  F i g u r e  b .  The b a s i c  c o n s i d e r a t i o n  i n  

TM12 and TE30 modes a t  t h e  a p e r t u r e .  10' T 2 '  
t h i s  des ign  is the phas ing  of t h e  TE 

This  is acconpl i shed  by t h e  mdle cont ro l  s e c t i o n  "D" a s  follows. 

Four  G u i d e  r Bridge  Input  

F i g u r e  6 

MEltimode Horn Geometry 

The h e i g h t  "a" and t h e  l e n g t h  "1 ' I  o r  t h e  c o n t r o l  s e c t i o n  (D) is chosen such  
S 

that t h e  TEl0 

and s e c t i o n  (D) a re  a g a i n  i n  p'rase a t  t h e  a r e r t u r e .  T h i s  r e q u i r e s  

TE12 and  'INl2, e x c i t e d  i n  phase a t  t h e  j u n c t i o n  of s e c t i o n  (C) 

where 

phase between t h e  TE arid TE30 a f t e r  p a s s i n g  t h r u  t h e  horn 

LI p h a s e  Setween the lr. a n a  it,,, a i c e r  p a s s i n g  c n r u  cne norn 

10- 12 

'0 10 - 30 = 
Ld10-12 10 L L  

lti 

is given by the  e x p r e s s i o n  The q u a n t i t y  L8 

0 
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where 

310(f) a propagat ion  c o n s t a n t  of t h e  TE mode i n  t h e  horn a s  a 10 
f u n c t i o n  of " " , e ~ c .  

T h i s  expres s ion  may a l s o  be c i r i t - t e n  i n  tzrms of t h e  guide  s i z e ,  

' A  

~Q,,-,, =la [ (a) - -11 (a$ da 

s o l v i n g  t h i s  i n t e g r a l  y i e l d s  t h e  e x p r e s s i o n  

1. 
i n  rA\ i s  the  r a t i o  e f o r  t h e  "Elo mode e v a l q a t e d  at "A", e t c .  

.& 
where : 

" b 1 g L  / 

P z the  mode c u t o f f  c o e f f i c i e n t ,  A - pa;  pl0 = 2, e tc .  c -  
f o r  t h e  p a r t i c u l a r  horn 10- 12 T h i s  e x p r e s s i o n  must be eva lua ted  l o r  values of h(d 

being  des igned .  The similar expres s ion  fo r  

c a l c u l a t i o n s  may be made to provide  design d a t a  f o r  t y p i c a l  horn a p e r t u r e s ,  and a s  

t h e  e x p r e s s i o n  ob ta ined  is  

For  t h e  lower l i m i t  on the integral, t h e  dinension of t h e  mode c o n t r o l  s e c t i o n  "a" 

must be  known, o r  a t  l sas t  l ix i t s  on this dimension must be known t o  p rov ide  des ign  

d a t a .  These l i m i t s  a r e  set  by t h e  requirements  

must a l s o  be  eva lua ted .  De t8 i l ed  10 - 30 
t a n  8 ,  t h e  da t a  is v a l i d  f o r  horns  of  any  f l a r e  a n g l e .  

(1) 

(2; d < d 
a 7 ac jn  

13 

i . c . ,  t h e  TE30 mode must be a b l e  t o  p ropaga te  

 ha TE13 uricl Til3 niucies, w i i i c ' n  wouid Le exciied Ly  L i r e  

Ell and TMll modes c roea ing  t h e  d i s c o n t i n u i t y  between 

s e c t i o n s  "C" and 'ID" m e t  n o t  be  a l lowed t o  propagate ,  

This  allows l i m i t s  t o  be placed cn "a", that is; 
& ac13 

4 -  < -  CM 
a - 

A i A 

o r  1 .5<  :< 1.59 



- f o r  tan9  - Graphs #l and P2 a r e  p i o t s  or' t he  i u n c t i a  "i0-30 - * and CQ10-12 
"A" a v a r i o u s  v a l u e s  of a p e r t u r e  - and a t  t h e  l i m i t s  of -. .. 

To de termine  the  a d d i t i o n a l  phase  s h i f t  r e s u l t i n g  i n  t h e  mode c o n t r o l  s e c t i o n  

i t  is  a l s o  necessa ry  t o  know t h e  d i f f e r e n t i a l  p iopaga t ion  c o n s t a n t s  i n  t h i s  s e c t i o n  
- -  - -  

10-30 - 10 30 
L-  

- %2 %0-i2  8 

and t h e  phase  beb:een modes i n  t h i s  s e c t i o n  i s  g iven  by 

= (Tl0 - - 11 - p etc.  30 s - L'-10-30 s 10-30 C 
0 

a r e  p l o t t e d  i n  Graphs #4 and $ 5 .  10-i2 The q u a n t i t i e s  L2  and L5 

is  formed: 10-30 The r a t i o  .,c 

L'10-12 

a 
I.\ 

When each  s i d e  of equa t ion  ( 3 )  i s  p l o t t e d  ve r sus  - , t he  i n t e r s e c t i o n  of t h e s e  two 

curves  de te rmines  t h e  va lue  cf - t o  r e s u l t  i n  c o r r e c t  phas ing  of a l l  sum modes simul- 

taneous ly .  However, be fo re  p l o t t i n g  the  r i g h t  hand s i d e  of Eciua t ion  ( 3 ) ,  v a l u e s  of 

a 
ii 

m and n must be found t o  i n s u r e  a s o l u t i o n .  This  can be accomplished s i n c e  
. <  

a 
A. has an upper and later l i m i t  determined by the  v a l u e  of - l a r g e  enough t o  3' LO-30 

. 10-12 

?ropa;a t i  t h e  TE node and snail enough t o  c u t  o f f  the TE mode. S e t t i n g  t h e  r i g h t  

hand s i d c  of zquat ion  (3)  f i r s t  equal  t o  t h e  uppar  l i m i t  and then t h e  lower l i m i t ,  

r e g i o n s  of a c c e p t a b l e  Lt30,0-,, a n d  -0,,-,, a r e  ob ta ined  f o r  any g iven  m and n .  
n a t e l y ,  f o r  any given 4I 

30 13 

Alter- 

n and n can be chosen t o  i n s u r e  a s o l u t i o n .  
a&= -I- o r u w r y  - 1 - . 1 . .  I 

10-30 and M10-122 -. 
i n e  i a c r e r  procedure i s  used i n  rhe  d e s i p  b i t i ~ t :  L u i i i  iQ io-3o &id A2 

a 
10-30 and v a r y i n g  f u n c t i o n s  of -. Graph 4/15 i s  a p lo t  of t h e  a c c e p t a b l e  r eg ion  of :. 

Values o f  m and n a r e  given by  t h e  i n t e g e r  va lues  of m and n a t  t h e  apex 

of t h e  t r i a n g u l a r  r eg ion  which inc ludes  the  po in t  Ld,,-,,, 410-12 f o r  t he  p a r t i c u l a r  

horn b e i n g  designed.  



ter is t ics  of t h s  Ciitfcrer.rt: 

f i n a l  v a l u c s  must now be de 

e x c i t a t i o n  f u n c t i o n s  i n  t h i s  r e g i o n  xi:\' :cct~;:~t i 2ni-a complete  des ign  p rocedure  t o  be 

determined.  

i<!-% J ~ ~ T ~ ~ L I S  A 2 s i n g  Graphs #1, # 2 ,  #3  and 84.  LJ ?,,> 1 -  

LI -  L -  . 
----..-- ( 4 )  P l o t  1 0 - 3 C *  and 

same g r a p h  t@ soli.:e Equa t i c r :  2 .  
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- E x p e r i n e r t a l  R e s u l t s  

T n e  v a r i o u s  c ' h r a c t z r i s t i c s  of t h e  multimode horn were measured and r e s u l t s  

have been prexviously r e p o r t e d  dur ing  succ2eding s t a g e s  of t h e  des ign .  

o i  t h e  ycrforrance of t h i s  f eed  ( see  F igu re  9 )  is o u t l i n e d  below. 

A s u m r y  

T a b l e  I silous t h e  i s o l a t i o n  o f  Che deve iopnen ta l  fe-d u n i t .  The VSXR of 

t h i s  feed ove r  t h e  frequency bands of 2 i 1 3  55 Mc and 2295 t5 Mc i s  t a b u l a t e d  i n  

Table  11. C m p r e h e n s i v e  a a p l i t u d e  and phase p a t t e r n s  have appeared  i n  p rev ious  

r e p o r t s ,  and e x t e n s i v e  p a t t e r n s  will be provided on t h e  p roduc t ion  f e e d  u n i t s  

under  J P L  C o n t r a c t  950678. F o r  t h i s  reason  on ly  r e p r e s e n t a t i v e  p a t t e r n s  a r e  

inc luded  i n  t h e  Appendix. Resu l t s  of phase c e n t e r  measurements i n d i c a t e  the 

b e s t  c e n t e r  of phase For t h e  horn i s  4" behind t h e  a p e r t u r e  and phase  p a t t e r n s  

inc luded  i n  t h c  Appendix a r e  taken a t  t h i s  p o i n t .  

Bores ight  r o l l  e r r o r  c h a r a c t e r i s t i c s  o f  the i eed  a r e  t a b u l a t e d  i n  T a b l e  111. 

The n u l l  p lane  o r t h o g o n a l i t y  ntasur-ed a p p e a r s  i n  Table  I V .  Axial R a t i o  of t h e  

S u n  and D i f f e r e n c e  Channel appear  i n  Tab le  V .  
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Addi t iona l  Stcd-,. 

Sex.7eral n o d i i i ; a t i o n s  0; the bas ic  nu!timodc feed  r ie re  i n v e s t i g a t z d  d u r i n s  

t h e  cour se  of :tils ;\I-o,,TcT:. CTIL. o ^  t!ie ~ 7 1 ; ;  1 i ; l i t aLioI l s  t i : e  h x q i c  des ign  i s  

that i t  :>ro-~ide?s sid?lo' i \e ca l cc l ! a t  i o n  ?t jr:.  ; C R L  i r c ~ ~ x e ~ - - ~ 7  , . L j .  T.IC t . c h n i c u e s  t o  

provid: d u a l  i r -qucncy y a t t ~ r n  c m t r c 8 1  were Ln\lksiigated.  These are:  

1. S z p a r n t i o n  of r.lodes 

2. E l i n i n a t i o n  of t h e  c o c s t r i c t r o n  i n  t h e  rnultirnodc G t c h i n g  s e c t i o n .  

Several p o s s i b l t  methods or' scparTt ing  th? modes a r e  p o s s i b l e ,  bu t  most 

techniques  require a p r e c i s e  kncniledge of the node e x c i t a t i o n  c o e f f i c i e n t s  and a n  

a c c u r a t e  p r e d i c t i o n  of r e l a t i v e  phasing, S ince  t h e s e  problems were n o t  s a t i s f a c -  

t o r i l y  s o l v e d ,  t h i s  technique  i s  i m p r a c t i c a l  a t  t he  p r e s e n t .  A f u r t h e r  d i s c u s s i o n  

of t h i s  t o p i c  appears i n  t h e  monthly p rogres s  r e p o r t s .  

The second t zchn ique ,  elimination of t ? x  w t c h i n g  c o n s t r i c t i o n ,  appea r s  t o  

have some p r a c t i c a i  a p p l i c a t i o n .  An X-bend experimental model was f a b r i c a t e d  

which provided dual  i rcqucncy mode c o n t r o l  and phased a l l  t h e  modes i n  one s e c t i o n ,  

t hus  e l i m i n a t i n g  t h e  c o n s t r i c t i o n .  Resu l t s  of t h i s  exper iment ,  r e p o r t e d  i n  t h e  

November p rogres s  r e p o r t ,  were on ly  p a r t i . i l l y  conc lus ive .  The t echn ique  does 

appea r  to work; hovever ,  t h e  X-band c i r c u l a r  p o l a r i z e r  used w a s  n o t  good enough t o  

p rov ide  s a t i s f a c t o r y  resu l t s .  A f u r t h e r  program t o  i n v e s t i g a t e  t h i s  technique  

a p p l i e d  t o  the S-band SCM feed  vou ld  bc  wor th  t i h i l e .  

As vas mentioned, somil t h e o r e t i c a l  c j l c u i a t i o n  of  t h e  node e x c i t a t i o n  

c o e f f i c i e n t s  and S r 2 d i c t i o n  of r r i c l i a t i o n  paLt~rns '.:as a l s o  a t t e n p t e d .  !:bile 

c o r r e l a t i o n  of t h c o r c t i c a l  v i t h  zzFcrinenta1 rcLsul ts  xias n o t  c c v p l e t e l y  accompl ished ,  

a b a s i s  vas made f o r  iz tui-2 ?y:>?ri!ricntal : ~ o r i c  ~n dpternilncltion of t h e  a c t u a l  

e x c i t a t i o n  c o e f f i c i e n t s  and  r,hasc con t ro l .  

The problem of .?atchin:: t i i i '  nodt-.s i n t o  the* m i t i m o d e  horn was b r i e f l y  t r e a t e d  

i n  t h e  November r d p o r t  alsc.. T t  x i )  b4-. pcss i513  t o  rmprove Chi  o v ~ r a l l  matching 

problem by a d i f f e r e n t  c h c i c c  of Fcoicctry nC t l ~ ~  j u n c t i o n  o i  t h c  i o u r  Guides aiid the? 

multimode guide. This ,  h o m v e r ,  requi res  an  exper imenta l  program t o  i n v e s t i g a t e  t h e  

v a r i o u s  p o s s i b l e  c o n f i g u r a t i o n s .  
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A b b r e v i a t i o n s  on P a t t e r n s  

2 i : i?1 scale  

= non-izl sum 

= cct!icgonal sum 

z or thogonal  h o r i L o n t a l  d i i f c r e n c e ,  e t c .  

= c e n t e r  of r o t a t i o n  behind a p e r t u r e  (inches) 

z hor l ' :on ta l  cut: o r i c n t a t i o n  

= ~ t ~ t i . c ; l i  c u t  o r l c n t J t i o n  

r i g h i  c i r c u l a r  p o l a r i - a t i o n ,  c t c .  
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APPENDIX B 

C I l E l i W f ?  POLARIZED PATTERNS 
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